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(57) ABSTRACT

The present invention relates to a method for multi-mode
obstacle detection using radar, including the steps of: deter-
mining whether an object moves by acquiring radar infor-
mation on the object; discriminating between a stationary
object and a moving object according to whether the object
moves; executing a first detecting mode for detecting the
stationary object or a second detecting mode for detecting
the moving object; and transmitting location information on
the stationary object obtained through the first detecting
mode, or location and speed information on the moving
object obtained through the second detecting mode, to an
external terminal. According to the method for multi-mode
obstacle detection using radar, and to the apparatus for same,

multi-detection modes can be provided to separately detect

a stationary object and a moving object using the radar

information on the object obtained using radar, thereby
increasing location tracking efficiency for each object.

10 Claims, 4 Drawing Sheets
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1
METHOD FOR MULTI-MODE OBSTACLE
DETECTION USING RADAR, AND
APPARATUS FOR SAME

CROSS REFERENCE TO PRIOR APPLICATION

This application is a National Stage Patent Application of
PCT International Patent Application No. PCT/KR2011/
008475 (filed on Nov. 8, 2011) under 35 U.S.C. §371, which
claims priority to Korean Patent Application No. 10-2011-
0106330 (filed on Oct. 18, 2011) which are all hereby
incorporated by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a method for multi-mode
obstacle detection using radar, and an apparatus for same,
and more particularly, to a method for multi-mode obstacle
detection using radar, whereby a location of an object can be
tracked in various modes by discriminating between a
stationary object and a moving object using radar, and an
apparatus for same.

BACKGROUND ART

There is always an accident possibility in a road traffic
used by vehicles and persons, and in actuality, many traffic
accidents and dangerous situations occur a day on a national
scale. In particular, there is a large possibility that a driver’s
peripheral situation perception ability may be dramatically
lowered in a ultra high speed driving environment, such as,
in a highway, or at night, which may immediately cause a
large traffic accident.

Although various techniques for detecting road situations
have been proposed, the conventional art is limited to a
technique for detecting a front object and notifying the result
of detection using an infrared camera installed at a road or
vehicle, and this technique has a disadvantage that detection
efficiency is lowered. Actually, there are various cases where
a stationary object and a moving object are on a road. These
cases need to be discriminated therebetween and to be
detected.

DETAILED DESCRIPTION OF THE
INVENTION

Technical Problem

The present invention provides a method for multi-mode
obstacle detection using radar, whereby multi-detection
modes can be provided to separately detect a stationary
object and a moving object using radar information on an
object obtained using radar so that location tracking effi-
ciency for each object can be increased, and an apparatus for
same.

Technical Solution

According to an aspect of the present invention, there is
provided a method for multi-mode obstacle detection using
radar, including: determining whether an object moves by
acquiring radar information on the object; discriminating
between a stationary object and a moving object according
to whether the object moves; executing a first detecting
mode for detecting the stationary object or a second detect-
ing mode for detecting the moving object; and transmitting
location information on the stationary object obtained
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through the first detecting mode, or location and speed
information on the moving object obtained through the
second detecting mode, to an external terminal.

The executing of the first detecting mode may include:
removing radar information on the moving object; if the
radar information on the stationary object exceeds a thresh-
old for detecting the stationary object stored in a reference
map obtained based on statistical values of past radar
information, determining that the stationary object is valid;
and obtaining location information on the stationary object
using the radar information on the stationary object.

The executing of the second detecting mode may include:
removing the radar information on the stationary object; if
the radar information on the moving object is less than a
predetermined doppler threshold, determining the moving
object as a low-speed object; if the radar information on the
low-speed object exceeds a threshold for detecting the
low-speed object stored in the reference map, determining
the low-speed object to be valid; and obtaining location
information and speed information on the low-speed object
using the radar information on the low-speed object.

The method may further include: if the radar information
on the moving object exceeds the predetermined doppler
threshold, determining the moving object as a high-speed
object; if radar information on the high-speed object exceeds
a threshold for detecting the high-speed object stored in the
reference map, determining the high-speed object to be
valid; and obtaining location information and speed infor-
mation on the high-speed object using the radar information
on the high-speed object.

The method may further include, after location informa-
tion and speed information on the moving object are
obtained, driving a tracking camera on a road where the
moving object is placed, so as to receive a captured image
on the moving object.

The method may further include, after the location infor-
mation or speed information on the stationary object or
moving object is obtained: obtaining permittivity informa-
tion on the road where the object is placed; if the obtained
road permittivity information is within a predetermined
normal range, transmitting the location information or speed
information to an external server or the external terminal;
and if the obtained permittivity information exceeds the
normal range, transmitting the location information or speed
information, and state information on the road correspond-
ing to permittivity of the road to the server or the external
terminal.

According to another aspect of the present invention,
there is provided an apparatus for multi-mode obstacle
detection using radar, including: a movement determining
unit determining whether an object moves using a radar
apparatus that acquires radar information on the object; an
object discriminating unit discriminating between a station-
ary object and a moving object according to whether the
object moves; a mode executing unit executing a first
detecting mode for detecting the stationary object or a
second detecting mode for detecting the moving object; and
a transmitting unit transmitting location information on the
stationary object obtained through the first detecting mode,
or location and speed information on the moving object
obtained through the second detecting mode, to an external
terminal.

The mode executing unit may remove radar information
on the moving object when the first detecting mode is
executed, and if the radar information on the stationary
object exceeds a threshold for detecting the stationary object
stored in a reference map obtained based on statistical values
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of past radar information, the mode executing unit may
determine that the stationary object is valid and may obtain
location information on the stationary object using the radar
information on the stationary object.

The mode executing unit may remove the radar informa-
tion on the stationary object when the second detecting
mode is executed, and if the radar information on the
moving object is less than a predetermined doppler thresh-
old, the mode executing unit may determine the moving
object as a low-speed object, and if the radar information on
the low-speed object exceeds a threshold for detecting the
low-speed object stored in the reference map, the mode
executing unit may determine the low-speed object to be
valid and may obtain location information and speed infor-
mation on the low-speed object using the radar information
on the low-speed object.

If the radar information on the moving object exceeds the
predetermined doppler threshold, the mode executing unit
may determine the moving object as a high-speed object,
and if radar information on the high-speed object exceeds a
threshold for detecting the high-speed object stored in the
reference map, the mode executing unit may determine the
high-speed object to be valid and may obtain location
information and speed information on the high-speed object
using the radar information on the high-speed object.

The apparatus may further include an image receiving
unit receiving a captured image on the moving object by
driving a tracking camera on a road where the moving object
is placed.

The apparatus may further include a road surface infor-
mation obtaining unit obtaining permittivity information on
the road where the object is placed, after the location
information or speed information on the stationary object or
moving object is obtained, wherein, if the obtained road
permittivity information is within a predetermined normal
range, the transmitting unit may transmit the location infor-
mation or speed information to an external server or the
external terminal, and if the obtained permittivity informa-
tion exceeds the normal range, the transmitting unit may
transmit the location information or speed information, and
state information on the road corresponding to permittivity
of the road to the server or the external terminal.

Effect of the Invention

In a method for multi-mode obstacle detection using radar
and an apparatus for same according to the present inven-
tion, multi-detection modes can be provided to separately
detect a stationary object and a moving object using radar
information on an object obtained using radar so that loca-
tion tracking efficiency for each object can be increased.
Also, a stationary object, a low-speed object, or a high-speed
object can be efficiently detected based on probabilistic
statistical data of the previously-collected radar information
so that reliability of the result of detection can be enhanced.

DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a configuration of a system for multi-
mode obstacle detection using radar according to an embodi-
ment of the present invention.

FIG. 2 illustrates a configuration of an obstacle detection
apparatus illustrated in FIG.

FIG. 3 is a flowchart illustrating a method for obstacle
detection using radar using FIG. 2.

FIG. 4 illustrates another embodiment of FIG. 3.
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4
BEST MODE

FIG. 1 illustrates a configuration of a system for multi-
mode obstacle detection using radar according to an embodi-
ment of the present invention.

Referring to FIG. 1, the system for multi-mode obstacle
detection using radar includes a radar apparatus 100, an
obstacle detection apparatus 200, and a server 300. Here, in
FIG. 1, the obstacle detection apparatus 200 has a structure
in which the obstacle detection apparatus 200 is connected
to the radar apparatus 100 in a wired/wireless manner, and
FIG. 1 illustrates an example in which the obstacle detection
apparatus 200 is capable of communicating with an external
server 300 in the wired/wireless manner.

Of course, the present invention is not necessarily limited
to FIG. 1. For example, the obstacle detection apparatus 200
may be provided in a structure in which it is built in the radar
apparatus 100, and may be connected to the server 300 in the
wired/wireless manner. In addition, the obstacle detection
apparatus 200 may be provided at the external server 300
that is connected to the radar apparatus 100 in the wired/
wireless manner, or may be disposed adjacent to the server
300 and thus may be connected to the server 300 in the
wired/wireless manner. It is obvious that there may be more
variety of embodiments of the obstacle detection apparatus
200 within the technical scope of the present invention.

Hereinafter, the system for multi-mode obstacle detection
using radar will be briefly described with reference to the
embodiment of FIG. 1.

Several radar apparatuses 100 may be installed at a road.
The radar apparatus 100 may be installed in a shape of a pole
at the roadside or in a shape of a variable message sign
(VMS) in the highway, that is, a shape installed in the center
of'the road, or a movable radar apparatus on which a vehicle
can be mounted.

Pieces of radar information on an object detected by each
radar apparatus 100 may be collected at the server 300 and
may be integrated-analyzed, managed and monitored. Here,
the radar information may include data, such as speed
information, location information, and size information,
which are obtained according to whether the object is
detected using radar.

The obstacle detection apparatus 200 may discriminate
between a stationary object and a moving object using the
radar information on the object obtained by the radar appa-
ratus 100 and may provide modes in which the stationary
object, a low-speed object, and a high-speed object can be
separately detected according to the detected radar informa-
tion. Doppler information included in the radar information
on the object may be used to select the detecting modes.

FIG. 2 illustrates a configuration of an obstacle detection
apparatus illustrated in FIG. 1. The obstacle detection appa-
ratus 200 includes a movement determining unit 210, an
object discriminating unit 220, a mode executing unit 230,
a transmitting unit 240, an image receiving unit 250, and a
road surface information obtaining unit 260.

The movement determining unit 210 determines whether
an object moves using the radar information on the object
obtained by the radar apparatus 100. The object discrimi-
nating unit 220 discriminates between a stationary object
and a moving object according to whether the object moves.
Whether the object moves relates to the presence of doppler.
That is, when radar signals having no doppler effect are
detected, an object is determined as the stationary object,
and in an opposite case, the object is determined as the
moving object.
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The mode executing unit 230 executes a first detecting
mode for detecting the stationary object or a second detect-
ing mode for detecting the moving object. Here, the second
detecting mode is later classified as a low-speed object
detecting mode and a high-speed object detecting mode.
Thus, in the current embodiment, the object detecting mode
is classified as three modes (stationary object detection,
low-speed object detection, and high-speed object detec-
tion).

The transmitting unit 240 transmits location information
on the stationary object obtained through the stationary
object detecting mode, or location information and speed
information on the low-speed object or the high-speed object
obtained through the moving object detecting mode to an
external terminal 400.

The external terminal 400 may be one of various well-
known terminals, such as a personal computer (PC) as a
user’s terminal, a laptop computer, a mobile phone, and a
navigation device installed at a vehicle. For example, when
the terminal 400 is a navigation device within the vehicle
that is driving on the road side, location information on the
object is displayed through the navigation device. In this
case, an additional alarm (letter, image form display or
speaker output) may be output through the navigation device
together with display of the location information on the
object, thereby inducing the user to take precautions against
the object or to pay attention to the object. According to
guide of the location information on the stationary object
and the moving object on the road, the user who is driving
on the road can check information on a peripheral object in
real-time so that safety driving can be induced and various
accidents can be prevented in advance.

Furthermore, in case of the moving object, as speed
information of the moving object is further transmitted,
information on the moving object can be checked in real-
time, and a safe action against the moving object can be
taken.

FIG. 3 is a flowchart illustrating a method for obstacle
detection using FIG. 2. Hereinafter, a method for multi-
mode obstacle detection using radar according to an embodi-
ment of the present invention will be described in detail.

First, the movement determining unit 210 determines
whether an object moves using radar information obtained
from the radar apparatus 100 (S110).

Subsequently, the object discriminating unit 220 discrimi-
nates between a stationary object and a moving object
according to whether the object moves (S111). The station-
ary object or the moving object may be independently
present on the road side, or a mixture of the stationary object
and the moving object may be present on the road side. The
object discriminating unit 220 performs separate discrimi-
nation on each of the stationary object and the moving
object.

Next, the mode executing unit 230 may execute a detect-
ing mode for the stationary object, a detecting mode for the
low-speed object, or a detecting mode for the high-speed
object.

First, the detecting mode for the stationary object will be
descried. In case of the stationary object, signals having no
doppler effect are detected from anti-moving target indicator
(MTD).

That is, in Operation S111, when it is determined that
there is no object movement, the mode executing unit 230
removes the radar information on the moving object, thereby
acquiring only a candidate group of stationary objects
(S112). In this case, peripheral, unnecessary clutter compo-
nents are removed (S113).
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Subsequently, the mode executing unit 230 compares the
radar information of the stationary object with a threshold (a
first threshold) for detecting the stationary object stored in a
reference map obtained based on statistical values of pieces
of past radar information (S114). If the radar information of
the stationary object exceeds the first threshold, the mode
executing unit 230 determines that the stationary object is
valid and detects the valid stationary object (S115).

The reference map is a map in which statistical values of
pieces of past radar information are stored. Radar informa-
tion in a state in which no obstacle is present in the vicinity
of an object, is also stored in the reference map through
clutter map processing. In Operation S114, a constant false
alarm rate (CFAR) that determines whether there is a target
by referring to statistics and a probabilistic theory, i.e., a
detection threshold, is used.

If the radar information on the stationary object is less
than the first threshold, there may be stochastically no radar
information on the stationary object, or the extracted radar
information may be wrong. In this case, it is determined that
a detection error occurs, and Operation S114 may be re-
executed, or the method may go back to Operation S110.

After Operation S115, the mode executing unit 230
obtains location information on the stationary object using
radar information of the detected stationary object (S116).
Here, the location information includes coordinate informa-
tion, azimuth information, and the like. A principle of
obtaining location information of an object using radar
information is already well-known and thus a detailed
description thereof will be omitted.

The location information on the stationary object obtained
in Operation S116 may be later transmitted to the server 300
(S117) or the external terminal 400 (S118). Of course, when
the object detection apparatus 200 is included in the server
300, a process of executing the detecting mode and calcu-
lating the location information may be performed on the
server 300.

Next, the detecting mode for the moving object will be
described.

If it is determined in Operation S111 that there is object
movement, the mode executing unit 230 removes radar
information on the stationary object, thereby acquiring only
a candidate group of moving objects (S121). Then, the
detecting mode for the low-speed object or the detecting
mode for the high-speed object is executed.

First, the detecting mode for the low-speed object will be
described. In case of the low-speed object, an object having
less doppler effect, i.e., having comparatively low speed, is
detected from a moving target indicator (MTI) using the
CFAR.

That is, the mode executing unit 230 compares the radar
information on the moving object with a predetermined
doppler threshold (S122). In this case, when the radar
information on the moving object is less than the doppler
threshold, the moving object is determined as the low-speed
object, and the low-speed object is extracted (S123).

Subsequently, the mode executing unit 230 compares the
radar information on the low-speed object with a threshold
(a second threshold) for detecting the low-speed object
stored in the reference map (S124). If the radar information
on the low-speed object exceeds the second threshold, the
mode executing unit 230 determines that the low-speed
object is valid and detects the valid low-speed object (S125).
That is, a statistical technique is also used to extract the
low-speed object.

If the radar information on the low-speed object is less
than the second threshold, there may be stochastically no
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radar information on the low-speed object, or the extracted
radar information may be wrong. In this case, it is deter-
mined that a detection error occurs, and Operation S124 or
S122 may be re-executed, or the method may go back to
Operation S110.

Next, the mode executing unit 230 obtains location infor-
mation and speed information on the low-speed object using
the radar information of the low-speed object (S126). Also,
a tracking camera 10 on a road where the low-speed object
is placed, is driven to receive a captured image on the
low-speed object from the image receiving unit 250 and to
display the image on a screen so that the obtained low-speed
object can be checked. The obtained location information
and speed information may be later transmitted to the server
300 (S127) or may be later transmitted to the external
terminal 400 (S128). In this case, the transmitted informa-
tion may include information regarding the captured image
in addition to the location information and the speed infor-
mation.

Next, the detecting mode of the high-speed object will be
described. In case of the high-speed object, an object having
large doppler effect, i.e., having high movement speed is
detected from the MTT using the CFAR.

That is, as a result of comparison of the radar information
of the moving object with the predetermined doppler thresh-
old (S122), if the radar information of the moving object
exceeds the doppler threshold, the mode executing unit 230
determines the moving object as a high-speed object and
extracts the determined high-speed object (S133).

Subsequently, the mode executing unit 230 compares the
radar information on the high-speed object with a threshold
(a third threshold) for detecting the high-speed object stored
in the reference map (S134). If the radar information on the
high-speed object exceeds the third threshold, the mode
executing unit 230 determines that the high-speed object is
valid and detects the valid high-speed object (S135). That is,
a statistical technique is also used to extract the high-speed
object.

If the radar information on the high-speed object is less
than the third threshold, there may be stochastically no radar
information on the high-speed object, or the extracted radar
information may be wrong. In this case, it is determined that
a detection error occurs, and Operation S134 or S122 may
be re-executed, or the method may go back to Operation
S110.

Next, the mode executing unit 230 obtains location infor-
mation and speed information on the high-speed object
using the radar information on the high-speed object (S136).
Also, the tracking camera 10 on a road where the high-speed
object is placed, is driven to receive a captured image on the
high-speed object from the image receiving unit 250 and to
display the image on the screen so that the obtained high-
speed object can be checked. The obtained location infor-
mation and speed information may be later transmitted to the
server 300 (S137) or may be later transmitted to the external
terminal 400 (S138). In this case, the transmitted informa-
tion may include information regarding the captured image
in addition to the location information and the speed infor-
mation.

FIG. 4 illustrates another embodiment of FIG. 3. In FIG.
4, in addition to the above-described configuration, after the
above-described Operations S116, S126, and S136, permit-
tivity information on a road where an object (in a stationary
object detecting mode, a stationary object, and in a moving
object detecting mode, a moving object) is placed, is
obtained (S201).
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That is, the road surface information obtaining unit 260
receives permittivity information included in data regarding
reflected waves of radar signals emitted onto a surface of the
road and obtains permittivity information on the road. To
this end, the road surface information obtaining unit 260
operates while interlocking with the radar apparatus 100.

According to the permittivity information, a state of the
road surface may be determined. That is, it is determined
from the obtained permittivity information whether the state
of the road surface is a normal (dry) state, a wet state, an ice
state, or a snow state (S202). In this case, predetermined DB
information (road state information according to permittiv-
ity) may be referred to.

If the obtained road permittivity information is within a
predetermined normal range, i.e., if the current road surface
state is the normal (dry) state, the transmitting unit 250 may
transmit the location information or the speed information to
the external server 300 (S204) and may also transmit the
location information or the speed information to the external
terminal 400 (S205). In this case, in the stationary object
detecting mode, the transmitting unit 250 transmits only the
location information, and in the moving object detecting
mode, the transmitting unit 250 transmits the location infor-
mation and the speed information.

If the obtained permittivity information exceeds the nor-
mal range, it is perceived that the current road surface state
is the wet state, the ice state, or the snow state (S203), and
the location information or the speed information, and the
state information (the wet state, the ice state, or the snow
state) of the road surface corresponding to permittivity of the
road surface may be transmitted to the server 300 (S204) and
to the external terminal 400 (S205). In this case, in the
stationary object detecting mode, the location information
and the state information of the road surface are transmitted,
and in the moving object detecting mode, all of the location
information, the speed information, and the state informa-
tion of the road surface are transmitted.

The content of FIG. 4 is based on determination whether
to the speed or location information on the object is trans-
mitted by interlocking with the state information of the road
by referring to permittivity of the road after the speed or
location information on the object is obtained through the
stationary object detecting mode or the moving object
detecting mode.

Of course, unlike this, a process of referring to permit-
tivity of the road may be performed together with starting
Operation S110. That is, the process of referring to permit-
tivity of the road may be performed together after Opera-
tions S110 and S111 of obtaining information on object
movement by acquiring radar information from the radar
apparatus 100, and a process of obtaining permittivity infor-
mation on the road after removing clutter in the vicinity of
the stationary or moving object from the obtained radar
information and comparing the obtained permittivity infor-
mation with predetermined DB information (road state
information according to permittivity) and determining
whether the current road state is within a normal range may
be separately performed in parallel to processes to be
performed after Operation S110.

Information regarding whether the obtained road state is
in the normal range is interlocked with subsequent Opera-
tions S116, S126, and S136. That is, after Operations S116,
S126, and S136, when the location information or the speed
information on the object is transmitted, if the surface state
of'the road is determined to be in the normal range, only the
location information or the speed information is transmitted
to the server 300 or the external terminal 400, and if the road
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state is determined to be not in the normal range, the location
information or the speed information and information
regarding the surface state of the road are transmitted. It is
obvious that there are various modifications of an embodi-
ment of information transmission using the road surface
information within the technical scope of the present inven-
tion.

As described above, according to the present invention,
multi-detection modes can be provided to separately detect
the stationary object and the moving object using radar
information on the object obtained using radar so that
location tracking efficiency for each object can be increased.
That is, separate detection modes on the stationary object,
the low-speed object, or the high-speed object can be
differently executed according to doppler information
obtained from the object.

Furthermore, the stationary object, the low-speed object,
or the high-speed object can be efficiently detected based on
probabilistic statistical data of the previously-collected radar
information so that reliability of the result of detection can
be enhanced.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

The invention claimed is:

1. A method for multi-mode obstacle detection using
radar, performed via at least one processor, the method
comprising:

determining whether an object moves using radar infor-

mation on the object acquired by a radar apparatus;
discriminating between a stationary object and a moving
object according to whether the object moves;
executing a first detecting mode for detecting the station-
ary object or a second detecting mode for detecting the
moving object;

transmitting location information on the stationary object

obtained through the first detecting mode, or location
and speed information on the moving object obtained
through the second detecting mode, to a user terminal
other than the at least one processor; and

after location information and speed information on the

moving object are obtained, driving a tracking camera
on a road where the moving object is placed, so as to
receive a captured image on the moving object.

2. The method of claim 1, wherein the executing of the
first detecting mode comprises:

removing radar information on the moving object;

if the radar information on the stationary object exceeds

a threshold for detecting the stationary object stored in
a reference map obtained based on statistical values of
past radar information, determining that the stationary
object is valid; and

obtaining location information on the stationary object

using the radar information on the stationary object.

3. The method of claim 2, wherein the executing of the
second detecting mode comprises:

removing the radar information on the stationary object;

if the radar information on the moving object is less than

a predetermined doppler threshold, determining the
moving object as a low-speed object;

if the radar information on the low-speed object exceeds

a threshold for detecting the low-speed object stored in
the reference map, determining the low-speed object to
be valid; and
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obtaining location information and speed information on
the low-speed object using the radar information on the
low-speed object.

4. The method of claim 3, further comprising:

if the radar information on the moving object exceeds the

predetermined doppler threshold, determining the mov-
ing object as a high-speed object;

if radar information on the high-speed object exceeds a

threshold for detecting the high-speed object stored in
the reference map, determining the high-speed object to
be valid; and

obtaining location information and speed information on

the high-speed object using the radar information on
the high-speed object.

5. The method of claim 4, further comprising, after the
location information or speed information on the stationary
object or moving object is obtained:

obtaining permittivity information on the road where the

object is placed;

if the obtained road permittivity information is within a

predetermined normal range, transmitting the location
information or speed information to an external server
or the user terminal; and

if the obtained permittivity information exceeds the nor-

mal range, transmitting the location information or
speed information, and state information on the road
corresponding to permittivity of the road to the server
or the user terminal.

6. An apparatus for multi-mode obstacle detection using
radar, the apparatus comprising:

circuitry configured to:

determine whether an object moves using a radar appa-

ratus that acquires radar information on the object;
discriminate between a stationary object and a moving
object according to whether the object moves;
execute a first detecting mode for detecting the stationary
object or a second detecting mode for detecting the
moving object;

transmit location information on the stationary object

obtained through the first detecting mode, or location
and speed information on the moving object obtained
through the second detecting mode, to a user terminal
other than the circuitry; and

receive a captured image on the moving object by driving

a tracking camera on a road where the moving object is
placed.

7. The apparatus of claim 6, wherein the circuitry is
further configured to:

remove radar information on the moving object when the

first detecting mode is executed, and
determine that the stationary object is valid and obtain
location information on the stationary object using the
radar information on the stationary object if the radar
information on the stationary object exceeds a thresh-
old for detecting the stationary object stored in a
reference map obtained based on statistical values of
past radar information.
8. The apparatus of claim 7, wherein the circuitry is
further configured to:
remove the radar information on the stationary object
when the second detecting mode is executed,

determine the moving object as a low-speed object if the
radar information on the moving object is less than a
predetermined doppler threshold, and

determine the low-speed object to be valid and obtain

location information and speed information on the
low-speed object using the radar information on the



US 9,488,724 B2

11

low-speed object if the radar information on the low-
speed object exceeds a threshold for detecting the
low-speed object stored in the reference map.

9. The apparatus of claim 8, wherein, the circuitry is

further configured to:

determine the moving object as a high-speed object if the
radar information on the moving object exceeds the
predetermined doppler threshold, and

determine the high-speed object to be valid and obtain
location information and speed information on the
high-speed object using the radar information on the
high-speed object if radar information on the high-
speed object exceeds a threshold for detecting the
high-speed object stored in the reference map.

10. The apparatus of claim 9, wherein the circuitry is

further configured to:

obtain permittivity information on the road where the
object is placed, after the location information or speed
information on the stationary object or moving object is
obtained, and

wherein, the circuitry is further configured to transmit the
location information or speed information to an exter-
nal server or the user terminal if the obtained road
permittivity information is within a predetermined nor-
mal range, and transmit the location information or
speed information, and state information on the road
corresponding to permittivity of the road to the server
or the user terminal if the obtained permittivity infor-
mation exceeds the normal range.
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